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Mineralogy, geothermobarometry and magmatic series of Natanz
plutonic complex
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Abstract: The Natanz plutonic complex is located in north of Isfahan and in the Orumieh
— Dokhtar magmatic belt. Based on petrographic studies, the Natanz complex is
composed of six rock types, which are granodiorite, quartz-diorite, diorite, gabbro,
quartz-monzonite and granite monzogranit. The intrusive rocks of Natanz are related to
the calc-alkaline magmatic series and I-type granitoids. These rocks are mainly
composed of plagioclase, quartze, amphibole, alkali-feldspar, biotite, and pyroxene. The
composition of olivine i1s Fog7.70. Pyroxene is Na-poor. The Composition of
clinopyroxenes is in the diopside — augite range and orthopyroxenes are enstatite. All
clinopyroxene analyses display compositional differences between cores and rims. Calcic
amphibole with magnesiohornblende composition is one of the mafic minerals in the
rocks. Composition of plagioclase is An;; (the minimum value in granite) to Ang, (the
maximum value in gabbro) and in some samples this mineral has normal zoning. Micas
are Mg-rich biotite. Application of Al in hornblende barometry indicates a pressure of =
2 kbar for the intrusion. Thermometry yields low temperatures, which probably reflects
late stage, post - magmatic re-equilibration of the minerals.

Keywords: mineral chemistry, geothermometry, geobarometry, calc-alkaline, Orumieh —
Dokhtar, Natanz.

*
Corresponding author, Tel.: +98 (0311) 2615796, Fax: +98 (0311)7381002, E-mail: honarmand@modares.ac.ir



YEY B YYD dio 51A 50l oF 5 )lads epnin JLo Ol

Fi g9k O"")‘ST dcgozxo (2 loSlo (6w cyar 9 (i ) Lid — oo (bl S5

R TRPE VG- PEIAPIN < TRV AV PIONE DR ARTPSET S

wuw) Ojjf‘/{g/ﬁd'a&.&t‘/&—,
G“JL'“’ w.o) "j)f‘uZ@M/)}-'ﬁL-‘ OK“.J/.) -r

CAVINYIND ol aseud  AVIEN A :llie il ,)

m st ool Bl (ygeis ) iBomdeg )l (plaSle anyeS slazal o g Gledol Jlods o sl (35h 1,3 (slaosgs oSy
3y easlasdl JSas ol S 930 9 Sadgrige 5,195 02095 a3 5)l9S 005020 98 5l ooy ol (ALK la
S 5 a8 Col 151 Sl ailo 5, 3BT 5l ol sleesls axiwa T g4 slaasgnsl 5 5l g ol - Sal LlSle (g, L,k
-Jseie] aen (Na 5l 5088) JlopendS 5 majeie o0l g9 5l dilate lagms's e 5 Sl FOga1 9 50 lag 5 50 35250 (a5
Al gr37 b ANgs oS5 5l loyins ;s aihaie GlasMS Dl 05 oo )18 il 900 550 83, 50 i 9SS g5 5l 55 b
PAL e jlad g, sl eolatul b i 1S o )18 o jeie 5l (8 Glacudsm 5,5uS )0 linn 0al 4350 glacaign aiyls I3
odsl Cowdy slod (yiorad (al JLlST Y sgu> )0 05 g0 051 ddlaie (63945 ()3 slongs LSS (gl AT (g Lid il e
A8 el (G 3 he+Cagars 59) ol B calien slagstg 5l ool b iS5y 5 Jsaal sla S JS5 51

el @Sl 5l o b g (leSle 3T ol 0 1S (o Jolos 8,9 51,3 42 g ye slas Voo

ki e yizo @})/‘@éﬁ‘ﬂ/’;ﬁw)wwj o TR Loo O ‘u"KW Yo L Y Y

SlaSw (nl )3 Cuil Sg590 B 95 5l (oS 5 b L ks
il 5 00,5 398 (ygil 83,55 (e Sladas] g 1ol
1y ol yoe Sgal —odl 5)lus ) a0 Jyglme (G55 50
Gl sloasly d, oo a4y ol 009l D925 4y oyl o
Lo,y 5l Yim 5 00g olKiuls b (5598 Aegarme ol
5 S5 S (oot @l el ) Wlosd Jol> (g 50 (2
i385 Lapara gl (1] il 5 e L,
LodS,; 5 S5 woy00 b g 03 wly (5 gerad Lag plS
520535 o y309) Lanslgas glacSies ailonts aba sl
degazme ;5 0dd onys (K Elgil (et (SudgignsylsS 5
ol ooy (IS e b ay anil e Sl 0)50 Siisish
oy bl |y ailaie (0l )3 99290 (H9)0

doddo
oldel wed Jlod 5o 9 pledol pliwl 15 () 8590 &L
OV YT LLdl i o sb o dilaie ol ol oads @l
s YY" VY aldlir sloo,e s (B,0) 07
395 slaosgs () JS&) conl 43,8 15 Il ¥YT YE
Jo Sl it 45) e JuS LS 50 Gegee -5l e 40
"05035 s Do I (h9eis (il o Jled & 035 o8
SLa it )0 flion (o2 3y (B85l 50 (S la
ol 5 (V JS) el azs 5 )18 T opd Jlod 5 Jlos
SlecaasT lacin opb oo 48,5 L 3 Siied Wil
1yl (S15 wcjonl slaasly 5l i S 390 &L
§39-85 dcgazme 4S5 At (ol gladg 5 2L (55ai

honarmand@modares.ac.ir : SogmSl Cany +A CYVY) VYAV Y 2 plad QA (YY) YRVOVAS 150l Jotue ool :



Yyv

Aol VYO s o 6,550 A, ol o a5 [0] Lo
5 sl Ul sloslawl a S msgr cpl b 0,5 o Ll conds
-GS Sl BT a sgame Lo las!l bawgs bjle p
by ol g el 00g bl GLS Gz o bl
St —Les (e sl o) e )0 9T wias
degora ;0 (Al0m ;s slaodls 1 4SS Ly (xb
L Sl 0ads (o cnl 2 ogdle 098 o0 Dgmne silal (6394
ol 8l slaSle sla g (omlid S S 5 2 ST L
S led )3 9 (S s 5 jlad b)) e germs

ol Joe 4 gy 990 dilaie 2L Lo

29 09 S 09,5 G )0 (g e (SIS Sos
Sl S g ;9209805 9550 g ge i leS w9203l
Ol 5o 00 0l (sloog )57 Dgldd (1 yio 20,5 (GObprandis
a py¥ (Y JSC8) il oo Sdle sla SIS 5 35,155 S 95Dl
5] i ol oSyl F degare 45 canl sl
g 0392 Ieg [V] soipends (ool g [V] Sow s
ool 20,8 o )3 [¥] oLl (Sal olSle (5 ym 50
3550 degazme V] JS S &5 )0 SleaS ol o
sla S5y L slaleSle 5 S o [F] jlogai 10 (o
55 o0 5B Glye 2 bl
00l plowl gy 4 Olsee 42 )0 pie Slo g3, S

A

N s

L .
o
-~

o

HE ™ v
B

s
R ST

P
e
e

Lo S

|

h

i,
e
e
e

o

WOt S

o,

e e e
e e

- CRANITE (OLIGOCENE - MIOCENE ) GOLOGICAL SYMBOLS
—— major fanlt
GRANODIORITE (OLIGOCENE - MIDCENE ) — wamer famle

- DIORITE , OTZ -DIORITE , QTZ - MONZONITE (U EOCENE - OLIGOCENE)

- GOBERO (U. EOCENE - OLIGOCENE)

oyl E1-5 il 30T E7 e j0il (ST E6 cgouml G55 B4 (6 ,08,90 ojail Bl Sy aile S ale g Lot J-S o5l u ) Le



o9l el 5 il jg 40 e 5 Sl sla SIS JBol-B pgai o« XPL) Coy00 50 95250 NS e5d j0 (gansablaie ~A jygai ¥ JSb
2 WD 5 Jseie] Copjon slaysl =D jgal «XPL) (2 )50 8sed 13 (S5 m5ilS 5 Jsmiel S jon slojsly -C s «(XPL)
APPL) culsjige 5,155 5o dgilS b -E g s (XPL) (290055 Gges

slwosls ;oo ol ploxl a b Fe 5 less s g
ST @l 5l gy ol 5 oo wal, 8 (o Silo s,
oo e gl 4 dajloged (> s 58 [0] Gl
VS jo ol eolaul 5 () dend slooles L) o oo Lid
oolaiwl by jlogei &S j0 a5 alizes slaSiw 4y atnly WDe

Dl o 0 WA

axdllao w9,
Sla SLS 5l gladais 555 #Y Loz ool L ol o
oS 9 75 el Sl Jh—wals WS DL

NarutosZasls ;o Co IS 5 Cudgu ¢ Jgubol o puS g gidS
JXA- JasJoel EPMA oSl oslaul s g o0ls

15 1A oL oo 15 KV sams oles 5s b 8800R




Yva

e e g iy lzd — Lay o lis IS

MT!"'-—-—._._,_‘_‘_‘_*:_“’ (A]

M

05 | Q= Ca-MgFe™
J=IMa

| S
0.0 0.4 10 E

Ma

Al2O3

1.0 T T T T

(©)

i rrandie
0.6 |- | W Granodlarie
L 1} iy, manzeniie

s Ly B Qi Disriie
B Dlorie
i Cabhas

L K L . L |
067 068 0.69 0.70 0.71 0.72
Meg=

Sogai B) s 1.8 —ed B 1o o SloapaS gy 53, 50 diges 5l plaSone « [£] g, 5 colaiwl b oSy o (gaies, (A) ¥ S5
s ALO3 &l i o 020 4 iy slaaigas ;0 b SIS cpl 10 89250 ME & s 555 055 13 ALO; polie &l s & bgs ye

— B A gl pj)ks oS Q%‘ Lng)L)},oj o as Sl 6)5T°l€. 4 r:}}/) Lm)b}m' LRV solatul w.‘a)l.c Lgl.o.l.lb‘) oo axqi B ‘Mg# &
iy Lo Lol Al (sloiiny & J555 ole 5 Lo sl 535 50 o

Jyae 45 (55u3931,5 b ol Sl 5l yitn Jgarial
loodys ol g Sl QLB Jlawals 5 5,065 (0l pa
PS5 sloassed (o5 0 53 j (sl Bores dad (53485
S92y hol Sl SlS (B -V JS8) 39800 om0 (Jigrige
G532 95,1 3,18 Jals adlare slacuil Sg539050
2 eIl Griteg B ST Calger s Jpeiel 5 Culsen
Ol emez 30y VO Bgas j0 g el dihaie ol S
s o plas SElaSin saled aes o S 1) S
 ooilardl oy S Pyl 5 il gn L 3] s o5
Ot 5355l 5 S 4 LaSle oS 5 g 00l (28 el
5 el slackiw jo ) (ol 51 ply jlewals ool a3
Syze a4 2 ol sl 5 awo e LS5 dilate Lalga
55D dad 90 4 Ygona Jg Wisdioo s I35
Lol 5l F oy ilos,S 1) o glaails o slad S5 o
B oy il i ol Sy 50 5 eitls ol iS sl
@bl JLwal L P ablis (5 50 el onmlive

Canlgs Hobs cud 5 &Blis a5 Conl oo a8 ,51,3

e K]

oS 9~

wishis 5908 Glaiw e slrodins JSis 5l (SO
o S G gl 3 PR 5l e &5 Sl (pSg
b s oad Slu S Sheseias B SIS ] e oles
el oo il Joiel Al (o (sl il
el S 390 Al e 0 Slu o 5l 250 Y| YU sy
A g Sl el Loy 500 5 Log 5 55 LS5y
L Loyl loyed jo s ue a5 oms o olis Sl

3,0 0555 syt 0590 855 )bz (ol (i )0 908
P Jolds o ) 5290 (Lol Sl S5 5 (O JS2)
3 5 gl sl Joniol (6,508 Jlaie 4 g STy
e o bagie U ol 5y Ojg0 4 iy ablie 5l (S
ailaie glaco;ns ;0 Sible (S o g Jgminel 09
9 CedsiiS) L6 5 G il j50) adsl ©j50 g0 4 5 00
asiled [V] 098 oo 0asd dapnS g &z Jeol> (el
S 5O 9 ge Semdd (S (n et 3B g plS
Ll 3l (Fp )3 g 039 58 JSLo Il iy 5 Cunla
4 Voome LapdSgusdl ((A-Y S) cul gouailaie
bl lasdedi rared aload 3 Ca o
= Ng e 03 PSR slaysl ;5 fewaidsyen 9 S )
o=l 00 05290 05 Sla I (GBI G slaow, n wly
3 s bl 5 50 4T 09y Coiifa £l i LS
15 iy 5 il Ay 1 o] L ol a L S
iyl pos SLis aS (B oY USE) wleods azé S
2 el Sl Gla ST uSTgpasielS 5 Jpmial ool
3 lasges C-Y SCs jo aitus ddhie Jy 90 ladiges
Ol 50 520 Canyad (1S g 5ilS 5 Jomdol Gla SIS
3,195 50 ouls cvaline slacdl .cawl ouds solo ylis e Kiw
LS 5 Sl o Sils (S Y5515 Jobd Loy
= 9 LK ol j0 09290 Jool sla SLS il oo
55,155 «D =¥ JS&) Jserhol M3l Jolis oy, g04i],5
9 Sy [lmsald (Lo 9235155 1)y g 9lS
ol o j90 5,195 ablie iy )0 .ol Sudgn



Olnl ol G 5 (ool oy almo

o0l adlg EN 6560 (oS 5 8,58 10 rdiges don coslinl
P ALO; Jaie 548 0 cnlice B- ¥ jloges [ aSSls ol
Mg @i a0 o (9 2LS 10 39790 SlocraSy 55|
Laco g0 an aaly slodaises o Jg cwl colb Ly,
el ol el azgs BB Mg" 4 coes ALO; &l s
e 3 LSl AL O3 ol5me 0y, YU 51 (b il o
ALOs e L8l U o5 1z il LSle 15l 5 Liglax
s o5kie oS 9yl 5l G Rk sla el LS
gy A—d ay Al ogy5 151 1y a0 5 wig
Cr as aily polio [V] wgi so b Al 5l oS g5
Joie ialS cwls a4 e Sg w95, 40 99240 Ti 5 Na.
Gl 4255 L ke a b g (Sl 0o,9) Mg

il S i 5 08 oSl ol

Sl 5550l a p3¥ el (T3l s (oS L s R
5 5l oo (o @blie )3 35290 Gla S g Sl &S
el adlaie oSy m (5 jsb 4 aitus (S0 gilS
-00, 6l a5 (A=Y IS5) Q =T loges ;o gl g o5l 5
@ dllg 5,08 0 [F] ol oo dlpiiy oSy 0 (g0
Sz S o0 8 S —pssie — 0l Sl S
o 5l 588 b puSTs o ] g g0 00y 0alioly Hloges yo

oS mgiyl-1
2SS 4 Ll Sl sla sl O j0 4 S ()
>l oS5 58] S 5 0sb s oy adbaie lag plS
ol gl 0 S e 8 sl 5008 10 (V o)
suoys s oolitul [V] solerin b, 5l Fe™ s Fe™' e

di0 15,515 :gb Lol ba Jgaz dod 4o 0ot osliil slaoles ¢3S F bl 3 (CPX) (oSs 5l (sla SIS 551 050, s 3 Jgor

FRCCOWE-SPCIVE JX g SPCIVEPURI JX ) [ EPCIRPOI

Cpx gb gb gb gb dio dio dio dio
Sio, OV,F | OVYA | OV | 0VYE | oY)y | ovee | 0VYA | o) fd
TiO, <04 <00 - fv <00 s < Yo <Y < f0
AL O; VA% YYY \#A VA \1E4 YN Y. \T'al
FeO VA- AN QY. AAA AV a! Y Y¥ AYF
Cr,0; Y - i . . i Nf .
MnO 3 0 I« G I 4 O PR R P 7S IR W B 7 PR 3
MgO VEAQ | Ve [ 0. [ VERY | VEAY | VS EY | VEY. | varY
CaO YVAY | YVOO | YeBA | YooY | YOAF | 2axY | YV | Y
Na,O S A T < S IS PO P & W P o N R S B 4 O P o ¢
K,O . o) . Y . . e )
NiO ) . . . . Y e .
Total | SAYD | 39F | Q3A% | AANY | 248 | Voo | AASY | Q%A
T- Si VAYS [ VAYE [ VAYS [ VAYR | 1200 | VAT | VAYY [ Vaes
T- Al YO ka4 K2as R4l Y0 a4 oYY af
M; Al AR YA ) V¥ oY ) YA oYY
M, Cr . ey EEa) . . . e f .
M, Fe* OV | XY | A | Y | 08 08 Y v
M, Ti REL 2N TR Y EPUPRY N PR VN PSP 2 ) ) Y
M; Mg | cY3A | s VAA | AN | cACA | AN | CARA [ S AYY |- AF
M, Fe?t | VY | ch%0 | cpF8 | cNaY | QAN | vy | Y | eaYs
M, Ni . . . . . o) . .
M2 Mg o o o . . o o .
M2Fe2 | <V | NN | cNfy | YA | cAYA | cYVA | epNeY |y
M2 Mn oY o) oY o o e oo A oo A
M2Ca | <AAS | <ASD | AYE | ©AYY | ATV | - vOF | S ASY | - AYA
M2Na | ;Y0 | «)Y¥ | «)o¥V | oo ¥A | o oYE | o 0¥ | oYE | vy
M2K . . . o) . . . .
Sum Cat. AR AR AR AFRRS AR \TE \TR \TE




Y e e g iy lzd — Lay o lis IS

o asloas T oly 5o Fe™ o Cr Ti Jod ) Koo o)l
ey i pyiasll W8 (i So i iz Ko o le
S AL Jaie a S el g gl a aY ol (A1)
i ulgy (> 3.5Gpa) o sla,licd ,o Loy Sy gidS
oiSly L (0.5 - 1.2 Gpa) ol slo,las jo 4 (@) STy
Ve 5l i Glesl jo @) 2aSTy L [VF] 09i oo J S (D)

S AL RESRY SNy
NaAlSi308=NaAISi206+Si02 (a)
CaA12SizOGZCaAlzsi06+Si02 (b)

S 5 D e s 5l (pliord oS 5 a8 Ll |
oty emnles 5055 laSle LSt Lame 5 aloows
Loall, o) Sledlbl Wl o (D,C-F JS2) sla loges
V2 00] aas il oK soans JuSis oleSlo (5
SLaimS g gelS 095 o0 osaline lajlages (ol jo 4SSl
(2l a) olLlE - Sal g tlss 8,08 50 i 4l
9290 Elgsl b dunliio )3 oS gy 9ilS (nl 55 (0 )8
-F S loges 4o a4l 5 e STl oL sl (o
“55—“’6" oo Allv 9 Ti O G»-A-».A :L'a.:‘) ‘5}‘*‘6" abasMe E
¥ USCE) ol gty abaly ol Mg =T lsges yo a1 >
sz 4 CaTiALOs oiil> 5l b5k wilgs o oS (F -
il pj aal, o Ca(Mg,Fe)Si,Og
Mg" +2 Si"V — TiV' + 2 A1
3 el TiEATY T oas) il 80isS asuie a5 as
Ol 0 Ladiges jloged ol jo el ouls g E -F o
PAL ses o las as wilas 5 8 A1V con) b
@bse slagniils Koo b aid s )13 42g )k Cundse
Olie 05 o5 bakuly jo S ez 99300 TH Julis a5,
SO 3l S g ol &S CaS Glg oo sl pl o Cr,0;
SloSle ;0 o)l an sl o lon sivlas LSl
S pmlas ol 055 g 005 adgl cdilate slag w8 055l
A0 Cmnss adlaio (glag o5 .cul 005 3 S50 loSle
aS cowl s o ool aiis i Tl gol> lacy o0
maged & S (5508 TH Loy plS 55 9250 (S 9iclS
39 el Ol 09 Gl 1o oy, 930 )0 99250 o
Coiabil (i Sk ;50> 4y oS g, 5dS (nl oS 5
9O D90 Ti ;A_u.o.b‘ )9_1...: l_: ‘)4) ] M‘j l.®5).:lf o
LS gy 5 00d Ciabl A o)y i (55
3 Tit et o 88 pesling 5l eialtl L Gy o

oS 9 gls- 11
ol )l 5 Sy 908 slan jo SIS
[lopadS] Sl g5 51 i Lo pmS gyl 010 2525
Aol 5l S 5 i o 4325 sladiges jo [A] aiies
P dilaie SS9 gilS oS 5 09 b o0 0000 35 0 4
o0 325 S g gielS Canl Cogl 5 Gy £95
S5 o S S (5 i FO/Mg il 5o (V J9u2)
ol o LS ol s gole saailane Silis a5 W)l
Slacd g les Slpis ) a5 48l G (oS 5 Ol
—acibaio [V o] aslls o [A] wlosls o Sgro crod LS
lad o alas 5l (B ) aS pmgndS 5o s3le o
ol 90 o b g (b slos [0) sl sledle dgeo by 5 ol
e dey Sy By 5o FET Jlaie iy o ulse
Sy ylogad 59, 3l 5 3l Lol JeSis b (505
] el U, BB AYH2TIHCr 4 coes AIY4+Na
S 355 o ala>de (A - FSE) Jloges o aSilix [VY
ol S e 1, 3FE Z 0 s YL 68 s adges
L stzs)bez Sotdye 50 d9z50 Al &jlse (ulul 5y Jlogad
ol oal Ly g it CoxBge (0 09290 Cr” 5 Al
ool bad (Vb o baaiges (65,8 CiS IS oo cnlnle
L] 6565,15 5 e AulSsd o YU Bilas Ylozs|
JeSis lazes 55 (5eST BnlS 68 (0 (maly Bl L 5
Lzl Leasees dlols 4 V] Jb cpe jo [ Y] caily
5 Ladiges Alols ax o a5 wloads jglol 5 03,5 o Lil Fe'*
39 ST [ glwaa] &8ss Jloie wsl i bas oyl
aS ol asg b ol oogn pii oyl LSies L
Sl Joa® 50 29yl Cexdse slag sl ggeme
2 aSBoF USE sgai 0 enl ¥l oSy sl
e oS 9selS ) 05290 ST any o Al i o
GYL 10 (G990 9 955 5l pe) Lodiges &LS ol 0uls
334 Eonl T LS 45 05,5 e 5 ST HAL= 2 s
Si slacyssils b Lles sty ez Sodpn loppmS's pmgialS
- 555LS Ay g ous Jlsl ALY Al slagysslS 51 250
Aloars 5y gy Cadd Casdee jo (ALY Lol Al la
G aS cul ol 5 S oadol b ) slges 05 8
o0l s ot oSl 5)lg Al 5 Si slagysslS den LS
o Lo slS (umdse (ul i JooSS s 4 oy



Olnl ol G 5 (ool oy almo

YYY

B -0 Ui o cwl ol Sasls d o A e sga 10 900
V] ALO;s 4 e 5 Cra05 log—as 5l oolazwl Lo
) oS g il sk e o )liad plgs oo S g 9ilS
G 955 955 i ey Ky 50 D97 50 slojLid Jolee
Soglole am oY (Sl agS )3 JLad Jolae jloges VL
Ol s JLad 05 50 (IS 051 S loged nl 45 o
5 [Vo] ks O Sagsy 5l (55 Grizman S o0 &8L)) SIS
ks oleg o lass L AIYYALY e a5 wadzas [Y)]
=l 099 05 Galpl )1 (cesiins dall) (ST S
Wl adbaie GlacmS g meidS )0 (¥ =)0 ) o
ol a9 e 1 oSl Gl s Jlid 2 6,500 s

B9 dlaeld SIS

Shaeld (Lol pase So Gl 4 Wlgioo S g silS
508 e JUS, My (g cotd Sonapn paie (il og
ol s a)Fe s Mg LTI cd b o slacsglis bl
S gympgiedS 5ody A0 0 T (6,0l (aiiljee Conse
St ;500 O)le ag ol plejen il g0 sl
ploml il gy Cokd Comdga o SIT AP il
-0sLS Jols Al miles slagng, 5l (S [VV] 055
oS 9355lS g Jyiiel sl LS e Fe s Mg sla
Cwd an 1y SIS 90 opl Jobss leo a5 [VA] ol s o0
Seeliznge s JolS” Jolas (5l,85 4y a3l 5) ams o
=S B By plgiee st Glaebl sl (y5el
Ly (A -0 S5) (o osliul joly ap il o La IS oyl
el o LS g0 ol (Jolws sles g, o=l 5l ool

O3S 7 &L 2 (OPX) (S5 95l S Sibpin, @mls ¥ Jgua

Opx gb gb gb gb gb
Sio, OYAF | OYYA | OYYY | 5326 | ovya
TiO, S X0 YA .Y XY SXY
AlLO; - AQ A~ - AS A% < AA
FeO \RNAs 19,0 Y. xa YAM Ay
Cr,0; N . N ) YF
MnO £ N AT R a - VY
MgO AATANS Y7 YY £y YE00 YEAY
CaO VY VY VY VA YA
Na,O v . v ) /
K,0 e Y , . Y
NiO e % } } oY
Total Voo XY | Voo VY | Yoo ¥ | Yoo XY | Ve rY
T-Si VATA | VATA | YAy | vara | yaay
T- Al Y 25 S W IRROPS <2 IR 3 YA
M, Al e . , . ,
M, Cr e . e , , epee
M, Fe** - Of -0 YA | s ,
M, Ti o o RV BN o F
M; Mg -4 <48 | cQar | -Aar Ay
M, Fe** e . , .o ,
M; Ni e oY , .o ,
M, Mg < YY <Yty Yot YfY < YEY
M, Fe2+ FeF <080 < #YA N .04y
M, Mn TAR! Y Y AR Yy
M, Ca FA o000 o ¥Y 244 EAR
M, Na ey . o) , ;
M, K e oo , , s
Sum Cat. f- Y,A44 \fE f, YAa44




Yy Mjw)u*l.co“;uudw WAA):QL‘Y' o)Lo.«.us\VAJ&
0.25 025
0.20 |- (A) ( )
z
= 01s
= Fe*'=0
£ o010
Z,
005
0,00 . L .
0.00 0.04 008 011
AIVI+2Ti+Cr (Cpx)
ss . . ) 0.08
Sub - Alkalme )
53 | thol & calk alkaline) g o
@ e e fime 0.08 Alkaline
A <
- QH -
8 s =S 1 B o004t
<
v Tholeiitic &
40 Alkalne . 0.02 -
Perallcalme
! N
0.02
N (E) o (F)
* *>
E e
< [ ] < m
- L o
= ] = 00l O |
O
*
0.00 1 1 1 1 1 0.00 L
0.01 002 003 004 005 006 007 008 009 0.10 0.75 0.83 0.90
AlTV Mg

e 992 YL B Sy U Sy g 2lS 5 (VY] Loy S5 g 8 (50T 4l (e g (A ) F JS
L Lales s o Sonmbyo aimS s, 9lS )5 s ez olSalr el (lime (omnnd Jlog05 (B) senlagyl jolis oo yo (5emST BnlS's3
5C) wasloais o)ly pzgcin Cuxdse ;0 (AIVID) Lol Al sl ysslS &by g ool Jeisl (AIIV) Al sl )55l 51 asu 5 ST slacygsls
Ll - (Sl 5 ity 8,08 50 i 4 (SlacraS's rardS V8 0] lagraS s plS oS 5 5l oslinnl b gleSle (5 pms s D
ailhio slagplEe Mg a4 cons Ti o5 (F) g dblaie slog S g, ;0 ATV 4 o Ti &l s jlogei (B) 05,5 o 1,8 (JISIT L)
Aiwd VS s loles caiius (g i T1 (gl oo j00 40 Cos

Cpx (Mg / Mg+Fethn

01 02 03 04 05006 0.7 08 092 L0
Aaap (hig /| Mlz+Fe+hin)

Cr203 Wits

10

08

0.6

04

0.2

oo

4

Grarmet pendohites

(B)

"on craton "

0

—0—-“0—- A

Ecloates
Fyroxenites
FPhenocrysts

>

2 4 [
Al2O3 Wit e

P ALO; & s Cr05 G5 2oy jloges B) g [A] (su,500 Bges 10 S jor Jgmniiol 5 S gy idS Joles slod punnd (A) & UK

s ¥ S el asled [VR] peSs ey 5ilS



Olnl ol G 5 (ool oy almo

YY¥

g 9l yo0 il ol 150 (slmos, ;) 10 0ol 4o
Js—y e’ Jlie a5 Ll 505,05 o )13 cudgss]
5 Lot ;509055550 50 05250 sl Jsmial ()5l
Js ) Sl SG) i laca 0 5l (& 5 g Lol S

V] ol sy 5 09855 VY bl 2 Jgeial (5515 L
Sl 1y 98 gt Gles e ol (Sl ool dslma]
S S an LaSiw al )0 95250 laails 90 (5108
5HSe L oo ol 5o a5 ol (500l & 3 (7 o)
S8 S Na Joiel 85 S 0 [0] 4y bgrye sl Jgmial
Ainly Gladiges 958 0 0090 A logas jo aSUL 0,5 o
P A o (6 i Na gl (il S 93590 slacsiw

il diges

Jgusiol -¥
ol Leos g jlacd oyl i 51 (glos i dals jo l.zJj.x_a.J
K 059 2,3 Bl sole Bwile 5 5 Wgd o
Jlemb an 55558 slaSn 5 oLlB - Sol g5 5l Sg)0
S or et Jgmial 5 3k (639 degene j0 ailise
| adlnie Ja_...)‘5~.\> L;Lm_i._w 5o o)_>9 4o &L:ﬁl.;@
SendS” g9 51 [A] o 08, bl ailase (sloJguiel
09,3 ;0 jd [YY] Goued,y , SLS ol [.).S)lo rMmlf]
bl U [ e O] (SeiidS 9) SendlS sl Jgenitel
85, 3 3 5Ca> 1.5 gNag <0.5 4(Ca + Nag) = 1
J,8Ti <05 5,wy9(Na+K)A>05,Ca>0.5

SreSTYY &L (Amph) Jooiel G SIS 33l p 5, mbs ¥ Jgax

Amp dio dio dio dio dio grd grd grd grd gr
SiO, FAYY | FVR) OVOY | FYXYO | FYAS | FYXYA | FYYO | FAFO | FYVEY | fYOvY
TiO, \YY 14 - \Y ) fa g VY VY - 50 K < YEA
AL O, A YA FAY Y OV £ VA FYA \id AR ONF | £Y FAYA
FeO VYO | VFOA AYEA | AVEA | AYAY | YAAY | AWYEE | VAYA | VAYD | VA
Cr,0; e oY e 00 o) ne .Y 00 o) B
MnO X his < YA s - VY A VY VY- - FA - VAY
MgO VOV | VY VA VEAY | V0N | YEYE | WA | WVEY | VVAA | YN S | V- 0A
CaO VYY | V) FY VYE | WAY | V- AD | VYD | Ve pF 3,40 VY | VY Yor
Na,O - AY - AY - ¥4 VY ) A VY- \IE V- - ¥aa
K,0 ¥y - fY o\ Nid - X9 X - F) . XY - f. - FAY
NiO Y e e e N .. 4 s ne ARG
Total AN AN AAF | A8 | APNY | AV YA | AYEA | AaYAY | ava e |oavey
T- Si Y oY$ | £AVYE YOVA | #AVS | £AYA | £AYY | £AVD | V-0F | FAAY | V- EQ
T- Al SAVE | NeYe SENA L VAYO | VY | V| N PAD | AAY | Ve FY | A0
T- Fe** . oy .o P oy oo . . .Y eV .
T-Ti . oy . oy oo . . oy . .
Sum T A A A A A A A A A A
C-Al Y | eere . SO | vy ) Y oo . Y
C-Cr ‘e oo oY ‘e cpef cpee) \,. oo <o f oo REA1
C- Fe'* - AD < AVY A AR ABY | AVNYA | VN [ VYEA | VERY |- YAY
C-Ti A4 | VA | ey i < YA SN\ TRAN AN
C-Mg YYVA | Ye-n YOfs YYS | YNA0 | YRV | YOFF | VY | VEYY | Y YFY
C- Fe** <FYY | - AVD < OAF | - #NF A VAOF | VAVEY | oA | e ey | VY
C- Mn XYY | ey XY | oYY | e eYA | CNEY | CAYY | cN0F | e AT | -0
Sum C o IE o o o o o o o o
B-Ca VYOF |V vay \, VY VYYA | VEAA | VEYY |V SEA VOF | VOYS | VAT
B- Na SYEP | e yeV VA YN [ e | YR | Y YA ] YWY | ovd
Sum B A\ \ TR VA¥Q Y VA9F | VAgY Y- VAYS | VAYD Y
A-Na AN IR <o 50 .. .. R ‘e .. 1o O)
A-K 5 .oV VA | AR | ey B IR A IR AN R N R\
Sum A <V | oA 9,414 S NY A B R IR AN R N RN
Sum Cat. | Vo,V | YO | YEAYY | VOO | V08V | V0 | VO Ad | VEA- | VFAY | VONEY




YYo

e e g iy lzd — Lay o lis IS

Asite + 2Ti ggomme 45 s AlY U950 Jloges 1o ladiges
L e ks S slowl, o Llos [YF] + ALY + Fe™*
S9lS dcgame Lo Oyl an WS B 4 ) Cos
A A sles o S50 sboysslS 5 5 2Ti + AV + Fe™*
L s o dbaly ool wigd oo Ko g Nay Jolis
5o aSSliz o sl acsly gzg ez Al slaiyssls luie
dad ;0 o)y Oy00 Sddiges D4 c0 onss (D - 7) JSi
Loy aig) S 50 Sl S350 b 5 0l8 51 adlare slaals
30 =S P Ee ams oo i aS 0S8 e )3 s
o dihie slacKiw glgl 5l plaS 1o 10 3450 (sloJgurial
sTi A1V Fe¥" lassls ool g AlY ol

ien (C -8 JSs) AlY ay e s Ti &less Jlogas 4o
Syl g sl Jgs,8 0 Ti 0510.5 5 aS Lo Jguiol
2 3990 sloJsiol gl 1) ;L5 )50 Jlogai azliz
o] Ead S sy Ul S Cilizes claasls
Slaie g 0350 C =F Jlog i L alis 0y, sl)ls Laloges
DS o S YO B Hho o o] 5l elaS e s Jgarial
P T e sz gylez Al plies G205 L C -7 Jlogad 5o
Sl 5 (2l 093 1als ol a5 sl e SalS L Jguiel

CewloSlo ol E8 i B yre g 009 Hob ,lsle jo Si
Fe’" lagsslS lade a5 ans oo las [YY] sla ings,
sl Lol (il § Joiol 85 ;5K s Nay (Ti
o)tz SoaBye ;0 05250 Al Jlaia 4 atisly S0,
oS 5 sl a S JToanl el s el jo sl

> - -
- (A) Tremalie [Tr - ) |
Alkali L= F ] (E
| ¥ Tsch
E‘% ) ‘}iu.lll = Techermakite
— L Actinalite o T Hhl 4
o ] v
[
2 MNa-Ca gﬁ ¥
= =
Fe-Mg-Mn LY g' . Fe. Fe .
) [ Mt Ferre-Hhl Tach
Calcic L Actinolie Techermakite
HB B
| 0]
a | I
o e o 7.5 T, 5 55
Ca+Na g0 o 6.5 6.0
TSi
0.2 : 2 T
-3 (© D)
| NN 1
0
s'ﬂ. e = v
A . =y
5 0.1 - d 7 % . --H'-n ‘ =
rp ) - - - w
N 4,.11" v ¥ mm
v L B -
s - L]
e JEE P A . e - I
e = [ | - -
- - 1 o L
oo - - 1 2 0 1 2 3
ANV AIVI+Fe3+2Ti+Asite
n L]
* . &
=4 &
*
. & ! e o e
502 (Rock)

5 il jee il jemg 1Ko (slaod, ) 40 yiies edd 433 e Jgmiel YVl Jguiol (5 13Kl o (somes, sla,loges B g A) £ s
D) wyls g5l Jgoy 10 Ti @31 0.5 5 128 b Jgmial (coles b Jgerial j0 Al @y cs Ti Jloges (C) wipeS oo 1,3 Sudgigs]
G gpl8 5l dihaie slaosly den ;0 o)y 8)90 slaiges [YO] Asite + 2Ti + Al + Fe’' ggame a cons AlY &l piss Jloges
o Jseriol o Jgial Fe¥ sae 4 cons Ko ;5 39390 kow Sl Jloges (B) ci e oo 13 o Lo,y 0y, S0 0 Sl So 500

i VUSS Suas laoled cadigd go (6 50 Q.afl 3 e i 201331 Slslao 4y degomme (p] 0 3940



Olnl ol G 5 (ool oy almo

- Jyerial g5 5l oolatal b omwles slp 1y (o9, 55 [va]
Loy 5032 9, (2l 59) 90,5 )l e o DIS5230
oy ablie ;o gao50 plaS wil sanaskaie gl e LS
Slo sy 0 o2 didlaie 255900450 ,F axlg 4y alinly B0l
3,5 5 aul 5,90 SEM Sl o,z 5o o2 g LS
‘Gu)j_)éy‘)f é’aLﬁu JER RN sdalico 61.‘25)3{554))/[.: &ls 9
laSiw sl ot Gog) (nl (a8 onalive (oS 5 gonadlate
e Al as s 5 55,155 (gsl> 45 Lawlgas 5 g
&5) U_)‘ )‘ oolaul l_: 99 )0 )lf aQ ! 7.8 )‘ r.oS [
b e Cays209,8 Liged y0 D 5 Jseiel Jols sloo

09....4‘59 é)jT)J (O‘)i.u.atu 3.?).> V»A/\&) 0;515 QVA/Y‘

T [+311 K] = 0.677P [kbar] — 48.98/ - 0.0429-
0.0083144 In {(Si-4/8-S1)Xxp &

5 il iiSe (lojan yei > a5 el (g500L L
dilats sl S g ey, 5095 50 Jymhol Lol yen 35155
u_)‘ 3»).:)L~.: LgL.o.?Lo )b U)"““‘_ﬂ 3...\.._,.‘:‘..?95 ubj_: YL I8 cxd
ElS 55 e oS drslrs by cllae ) [¥4] ceslacSis
Bgad (slp w9io0 anli [¥2] 505 &l b 50T [ lonl
S LS pleg o log O, lade dilaie i ye090,8
JQT(SA Cewd L 7YY (barS) L: ﬁ‘ﬁ

log fO, =-30930/T + 14.98 + 0.142 (P-1)/T

B e o5 bsebel oberiss slaShs
dlie gl wad Jol> olaxhsS slocayn; (own
) i G:LJLA}:}.S.: sllise goly 5o 6&;}9
Slamiole ¢ subduction il 3slelae o
@ disly slo Jgbol [YV] conl oo oslixwl (intraplate
obe glgl @ cud si0mb TiO; 5 NayO (il
Gomaid gl wlel p o5l (I-Amph)  glaxis
Sy 5o b dibieglasmiel [M] oleSlogisnss
-5 518 S-Amph) (il 8 sblie 4y aily slaJgeeiol
(B-V JS5) 3,5
Hlwads -
JPER P NN NI N AEF N
Sonds sla LS (et 9 210 H9d> sal USG50
S)Lm'_u.) S 5 Lol jo Wil o Dgmne o>l sloln
S elorb 5 (Kb ool o (F Jsuz) b I
05850 oy O] oSt L 5y

el )3 APl ;oS SO (nieg B sl 5ol
2 o2l e owyp b enleSle slezsl Jgb yo Leo 4 ,Lad
Sl 5 a5 cil s lsiee ik Cdlion Gilies slaosls
a dsgorme (ol 3o S5zrge (Usmehel Jlo (1) Gies B
JSi) Wigi oo (s s oyl 5l e Sow b (il8] 150
E -#
Obey 50 OiemST &8 (lioe 390 40 4T (laeys

3550 5> el Cewy (LB i 0 oSy sl St
YU wge 5 (YO, A -V JS5) wiS oo oo 55 o smdel
sl Jgmrol j5ds (Lo 50 (ST &pslS98 (o (102
Uil L ails g0 5356 ,0 FeO, / (FeOFMgO) cos
&W®Jf‘&)‘OMJMTJGM®
i 51 U e gl S 5 yis sl ol g Gl
il e FE™T il a8 50T ArpslSgd ax y2 i
595 YLy 355 (2 35al ailym B 4o (6 iy Mo 4
Al Ay o Mg oy osils el Fe''/Fe® cos
o LGS Guylsld 5l (S Jgehol [YP] 055 o0
Joie] 5l Voane ol ST 853l 51 ek > o sboSle
Lngd_cM ) LSk )91,..3 .}a.‘\?bo)) pfb- )Li‘..é ) 6‘)‘.‘
Ll 8,8 b o L adl) 0gd oo solinl (sosil S
A 55 sla LS G Jolad 352 4 by je o5 ool
ok jgo 0 Aljgr Jlacie b ala, jo ) sladolas [YV] (ol
gl S sl o ol jels lad 4 olaws ¢l
¢l el & lee a5 canl 00,5 Slpaiay

P = (0.6 kbar) =-3.01 +4.76 Al; "=0.99 (5
VOV if 4 gy ool Sl eslatel b Jomdel ol Ges
sy 1y Jyep [Y0l ogice 5,51 HlskS (cuil So5ige
SV] dlal,y an ) iy @Bly jo a5 wis S sl Led dwlxe
awyd o Joo g opl o ol [YA] einles daly 35 5 YA
25,35 o 3B sl ye o Al luie 55, 2 451, 552l
e o 48,8 a5 (ST AlS e g Lo o )Lid)

P[+0.6Kbar] = -3.01 + 4.76 Altot — {(T [C"] - 675)
/ 85} x {0.53Altot + 0.005294 x (T[C"] - 675)

Lgas o otk 5ols (6l oael Cows @y jLad by, ol 5o
ool JLeb S VAV L ol y S jg004il )5



YYv

e e g iy lzd — Lay o lis IS

5 1.0
(A) 09 |- Low|{f O3 (B)
4 - I Amph -
os L __1_—/ —
g [ ———_ « s 07 Intermediate £
=
3 —_— T ocl N s S, g
2 =
. - 04 - i
[ . denitic
S Highroa "~ v i
- : [ - -
1 S-Aaaph J%# v 03 mag nesian
7 L has ting s it
02 - edemnite s o
o s — - O
40 45 s0 == 0.1 L
[i0O2 os 1.0 15 2.0

AITV Per 13 carions

2 OieST B8 s 09 YU Bacmolis loged ;o [VO] laJguial oS5 &L 5 o5 &lSgd rons Jlogas (A) ¥ JSi
Sl gaial b8 o i dihie glaJgubol [¥V] o Jguio] SLSlogianSs sanaib loges (B) 5 .l Jguiol jols oloj

OieSIYY &Ly FIS) JLwald G SIS jls 5, mbs F Jour

Flds gb dio dio dio grd grd gr gr
SiO, INRITA IR NG INAS) ARYAR) #YF) [ATRYN £f,44
TiO, oo e ceey S . . e ceva
ALO; YV YY YV,YA Ya,yo Yq,f- YON# Yy £Y YYAY YAYY
FeO < v YA Ena Al Y Y <Y g
Cr,04 e e . B . e oY
MnO e ceey oy oY oo ey
MgO oY e o e ooy e e
CaO VY UAYE AN VVAY \/21 fov A\ Y
Na,O Y. OFVY AnA fra A% AVY AYA A4
K,O e EATANY o) MK A vy VA AN
NiO ey e ey e e , oo Y
Total 29+ Y 29+ Y AN AT ARVA AAVY AAYY | VN
Si vy Vv q¥f) LVatd VORYY | MYNAR | YVAY | VY AFY
Al [\ia1 0Af 7Yt AR HYYE \IN‘4 VYO | YALY
Ti cee e ey , .f
Fe?' ce0Y oYY 0 F) oYY A BEAR sl RN
Mn e e ceey S Y o of
Mg oo f e ey o .Y ,
Ca YA VAN Y YV Y YYS 1 YfFa “/AYA NER o
Na \IRRY4 VAYA \ ey AINZN Y00 Yex. \idd 0
K 'Y RArd oYY EAR BRI 0. ) YAYY
Sum Cat. | Y3AFY | V487 | Y3420V | V44824 | V4AYD | V40T | FA9F | Y- A
Xor Ehs -A 4 . F A \hs R )
Xab YA o+ ¥ Yo Y44 75 \id4 YA A
Xan \Al4 fAY OFA 03,0 AR YY)y Cna N

OrreS 5 Al dn Loy e Gliee (n i codd ol (S
53 il oo wialy SR slajok etle 4 by o (e
S Aiged S 4y ailaie ML oS 5 A S
oud Jlogad o aSiliz wload pgat A] slologel 9,
5230 aslz Jylowe baae ailaie slojlasals 090
5l jea> pae 4 S aSadine [YV] oo o JuSiis
b gy 5 Wl laysk 655 0 (i o s slals
ol 5L DTk o4 cendl KL KO @ s 2oy

U 09,5 slodiged ;0 Sds SIS 0 2lgl 8 DS, 50
Lo gD S 5 (S job el it 5045
0,5 o, 3 AN 9237 U AN 143 G loyinS o adlais
An L5 AN 4965 Log pl5 10 b S5 cpl oS 5 aS s 5 )]
~C,90 5,185 40 AN 7470 AN 4563 bl 930 10 <9237
An b An ps64 i iiaess)lsS ;o « Algzo3 U AN 2217 o
moslS 50 9 AN o9 L AN 2300 ey ;904505 ;0 <5778
ledasges 5l plas 1o glp aua AN 472 GAD 143 b



Olnl ol G 5 (ool oy almo

Db (Sl ol e g Mg £, (FET 050 0)
0a s plomil (sla )y ol atunly ol isllST > 4

oo a5 am o L [YO FF] ol sl 50 (s,
wbisr 2ol ol caypil aoys malS b Dl s ol
odalis 55 adhie SRl ;0 Yl ) Sy ol &S
T paie domii Ly a5l B - Jlog i) o, 5
Rl S e 3 ol am el HE 5l 5 S e 3D
il 6l 60 M ol aS35 co el Sit1 e

ey sl AN s ys 1alS Lol en DS 5o oyl

I

0 4ol 353k sl s ool (i 39 enlaSe
Lwd b sl PS5 ol)ls g pl5 (A-1 o) cnl Ca3,
3= sloaiis pl aS s, oyl 4 5w oS
L D9 b G g 3boml Gl &gl J>1e 50 An
3 ulS Jgaze ol 8l ailodds odpdisy yieS AN wo o
4= bype ool polie w55 LoSe
I S g 32085 oSl a5 S L ol S 5350
o & Seelissges L Loy S35 5 LSl (o 5 45
2 S5 o el 03Kl [YY] L a4 osies anal
M codsn g Fe' s Fe’ ojpo a) g oz Cusdye

E“ o~ )Q R

Or
¢
Or /’F ,?\'
Y
A FAVARN
{ by :{: ,r'/ -\-\
Or £ ?
FARVAN " \
JAVA fa)u?:h M\
- A A / \
/ T, AV
AR AN 7 /S _\\
TR AR Aamidite L/ F \
5 Y /'K / Ay Y
FI / N/ / / ‘( \
§ VoS ;,* / / \ A
£/ A f'Jr E *m‘wh”\ A
/ ~~ \
1

é; / { A
/ f_; D /o Em;'ﬂlignlasJMn Eabmﬁfmﬁm Anoriiite
\ A% i Oligoclas m lL f Ju.rbg An
\ ; ity Oligoc] ‘;' sine radori \'Mrut e

W

An

(0) CudgyigeilsS (B) Cojposls «A) cudlSorse s Jolls JA] (Sow loaxly Jalaz L adhaie gla)lwals oS5 AJSS

03
. A)
7 v

0.2
2 vi *
< v
: o0 e
< -

01 | Om

]
@
0_0 1 1 1 1 1
20 30 40 50 60 70 80
An mol®a

e VS o085 sl (F) 505 5 (B) S5 (D) 00555

0.07
0,06 O (B)
005 * *

004 - ]

Feotal

003 - Yo <o m |
002 FV v

0.01 -

0.00 7 ! ! !
20 30 40 50 60 70 80

An®e

S5 a5 cusl Silis KoO as cos ooy 51 as gy DSk 10 35290 KoO pl ;0 AN jlade &l i loges (A) 4 S

do,s alS L S dl o oyal

Ol a5 e ) Conad PS5 50 U5 ol e Olss Liules (B) kel Lol 518

A ¥ S i lasled .ol so (2R o] oy g5]



Y'Y e e g iy lzd — Lay o lis IS

3005250 Gl ban ol e g0 opl 5l aSils .l
maigad & Cad (§ 508 ME (g5l Lo 500951,5 5 ol 5
2 955 slataan Sl plie ;15 jlas 5l glo
Slpd Sgas Ay s (i ST sl Lac Sl 593590
S 5 a8 Ll GIC -V US5) Wl yed 9 CupsogilS
e cenl oleSl oS 5 2l 00,3 laKiw 0 Cudsm
o il oo liudgn oleond oS 5 W g g jsbie o
Sl ey e (alalid 6l clio Jlre S5 lgie
aed; L pli [¥A V] 05, LS @ laasynsl S Josas
2l2sS olls - Sal slacKin 8,508 )0 baiges ol [YY]
@Sl Gt sl B A SN JS8) 858 e 18
=00, ool b soliiwl [YA]  games, 5l 5 lbeadgm 3055k
F3Sge axly o Mg jlaie 4 cons Al Jladia &4 5 gon
slao s o1 o g B V) JSi) ol sas Lo e g
Seliygisesll 5 ol - Sl (ol L] ST,
30 35250 sladiges (gaisod, pl b Bllas .l oud S5
@l - Sl GlacSin 85 S )5 il (g5 dsgare

S o0 )1 (25855 slaai S 4wy

53 ey Sl lwald jlaSged ar Ay 2l
waleads ools uled ¥ Jgaz o 3 g A JSi slo logas
Syl a4l SO 5L slacSin )8 04, o0 el aSSl>
ol S laasly o o (oL (sl jlwald o
~J~3L.'.¢5°

Caigm —F
S lmaoly LU | Sy 5 it Si ol j5lasa 4
IS oot 5 U5 b 530 ik (g5 dsgame o
39 (S lizes slrazlg ) oo a0 slac s
oud du o slallee asl o Linled ay gaxly slo loges
i slalss 09,5 0 [A] (sopendi b Gllae (O Jgo2)
Sy gaed) ol 1 eizren WS (o0 )18 A Aw (g
> XY laie) conl Cbgn g9 5l iy SLS ol ead
o= [YP] oy 4l &34 »» (B )+ JS) (Fe/FetMg
e o=l (A-C-D =V JSi) 05l juin g9 5] g
S Ti g ol glaan ST a5l 55 L5 Aol @dly jo wodsn

O S| <5Yl—.’ l . 3..“ -@55 SO Ql g ‘

OSTYY &L Bi0) cudgn Sl SIS olop i, mls & Jgux

Bio er ar grd grd grd
SiO, YEEA | YEVY | YEEY | YOAS | YEYF
TiO, YOV | YAE | YAY | YoM | ¥Ye
ALO; WEA [ TS | VEYR [ arva | Ve
FeO YO8 | YAYE | VAV | YYYY | YYE
Cr,05 Y Y o f o o
MnO Yy YA - AY - 0N - ff
MgO VoA [ VexE | VeFA [ V8 | RAY
CaO e e Y ) A\
Na,O o f .1 N e Y
K;0 VeAA | VY vy [ aan | ays
NiO e e e ) )
Total aPENVY | agse | Aas0Y | a8 | QA8
Si OATY | DAYA | OASF | OAVY | OADA
AlY YAOF | YAYY | vavs | vaaa | voey
Al Sevs | o¢0a | cova | oper | -ery
Cr RS N ERYTRS B PRS2 TP U P 1
Ti CEYY [ VO | o ¥FY | o fYE | o fev
Fe! YAAL | YAFY | YAAQ | YN | ¥y
Mg \id YEVY | Yoev | YFYY | vy
Mn el O | eV RS N Y
Ca e e ceYY , Y
Na AR NRYRS LU NRUPS £ PO ¢ .o vy
K YA | Y8A | VAR% | YA | VAT
SumCat. | \gfA | V8- | VEF0 | VEFY | VE¥A




Olnl ol G 5 (ool oy almo

, Phiogopire  Mg-Biotite Fe-Biotite L mite Sideroplivilite
< (A) (B
Biodres N
5 «
= R Al TEERE
Foos = X = i S
0 o &: = o
-9 = 02 n
Pldogopires
0.0
0.0 0.0 0.5 10
FPhlogopite AIVI Eastonite
Mg (D)
.rJ\
PN
I
‘ ©) /T
/ e
L ‘\\
m \‘
VAR L
Sios - n q ] / \
f’I.‘kJiam Y
| \ N
! M,
/. Fabiotita —‘— Y \
K r o \\
/ L AY
£ Fiderophyllite — | AY
" ._ . . L 4 \
0.1 03 os 06 0.8 S
Fe (Fe+Mg) AIVI+Fe3+Ti Fel+Mn
n i
/
/3 (E)
15
= L1y 4 b .
F / o h &
o /
= 10 /
E J;’f ']
-+ /
0s{ /
r
/
/
o
0 10 20 30 40 50 60

ACNE (rock)
e’ an cs sy )5l Jsa b 53 3790 slagetlS (Glgld Sl Jlaged o aiate (slaiuign a8 5 el (€ 5 A) W S
S e 5 (D) w5 e S B MG Sl 8 slacadsn 80 50 fliny oad 328 slalSe A] dilaie GlalSow (atos; jlagei (B)
Mg 5 ol oS ;5 55250 £lil g 039 Mg 5| 28 slaceign 65, ;0 LISw 5 buyl (o [YP] o, 5l eolanl b becign (olonds
Ay oo aS 05,8 o S, BN a5 badiged &S lse Siw A/CNK @ ces o s A/CNK loged (B) cains oo olid (55008
s ¥ S L5 asles sl b ylsald 3505 40 LaSle 45 sy2g0 Al S50 s i 51 Sl

25 35 : r T
N (A) T (B)
Alumine-potassic
20 |- \ FPerahuninons rocks 30 - ~ in
\ ~ Calc alkaling ™~
g ~_ X E )
3 I \W‘ o
s = 25 -] -
«gs: & = a4 TTe—
Cale alkaline C—__
‘og ‘ocks . —_— —
10 -Dl ogens 1rocks 7“11.0[0;'?[“(7 2.0 |
alkaline yrocks
Peralkaline
5 1 1 1 1.5 1 " N
5 15 25 3s 45 o 1 2 3 <+
FeO Mg

o 4325 (5alSo (B) logai 5 [TV] dilate slalSae sloonds oS5 5l o0litl b leSle (6o 5 5l e Lo cymess (A) V) JSL

WS oo A YA oliasS glaat o8 jo oLl - Sol (lallw 28 50 st
Sy oo Fe jlaie o b 4 azg b oSy o gdS Sl
la IS ol S 5 ailond jelte ey B JLed 53 (sl
@B el oSl w53 39290 SlairS g p Gl
ol las S S gardisy sy n o )l SlyFen
oy £95 51515 8390 0 3] degame oliardihy Cuonle a5

oG5 (ord oo n 9 (SHilni, SloaS owyp b

3980 Jol> ) @l wihie sl B 5, »
w55 Wlmaw Gl 88 gl b Sw lagSs -
5 Sadyl — Seeymd S 50 i oSy mendS
NS B cotlidl spS s bpuS g



¥ e e g iy lzd — Lay o lis IS

)| ol I8 del G Lb e ls Kol ioge i L/
OYAY) amao VFY (0 oKiils

[2] White, A.JR. and Chappll, B.W,,
"Ultrametamorphism and granitoid genesis",
Tectonophysics 43 (1977) 7-22.

[3] Irvine, T.N. and Baragar, W.R.A., "4 guide to
the chemical classification of the common volcanic
rocks”, Canadian Journal of Earth Science
8(1971) 523-548.

[4] Pearce J.A., “Source and setting of granitic
rocks”, Episode, 19 (1996) 120-125.

[5] Pourhoseini F., (1981) Ph.D (Cambridge.U.K.)
"Petrogenesis of Iranian plutons, a study of the
Natanz and Bazman Intrusive complexes",
Geological survey of Iran, Report No. 53, 1983.

[6] Morimoto N., Fabries J., Ferguson A.K.,
Ginzburg 1.V., Ross M., Seifert F.A., Zussman J.,
Akoi K., Gottardi G., "Nomenclature of
pyroxenes". Mineralogical Magazine, 52 (1988)
535-550.

[7] Droop, G.T.R., "A general equation for
estimating Fe’™ Concentration in ferromanesian
silicates and oxides from microprobe analysis,
using  stochiometric  criteria", Mineralogical
Magazine 51 (1987) 431-435.

[8] Deer W.A., Howie R.A., Zussman J., "4n
introduction to the Rock — forming minerals",
Longman, London, (1991) 528 p.

[9] Mordick B.E., Glazner A.F., "Clinopyroxene
thermobarometry of basalts from the Coso and Big
Pine volcanic fields, California", Contributions to
Mineralogy and Petrology 152 (2006) 111-124.
[10] PePiper G., "Zoned Pyroxenes from
Shoshonite Lavas of esbos, Greece: Inferences
concerning Shoshonite Petrogenesis", Journal of
petrology, 25 (1984). Part 2, 453-4721.

[11] Bence A.E., Papike J.J., Ayuso R.A,
"Petrography of Atlantic island arcs", Bulletin of
volcanology 32 (1975) 189-206.

[12] Schweitzer E.L., Papike J, J., bence A.E.,
"Statitical analysis of clinopyroxenes from deep-
sea basalts", American Mineralogist 64 (1979)
501-513.

[13] Cameron M., Papike J.J., "Structural and
chemical variations", American Mineralogist, 66
(1981) 1-50.

[14] Zhu Y., Ogasawara Y., "Clinopyroxene
phenocrysts  (with green salite cores) in
trachybasalts:  implications for two magma
chambers under the Kokchetav UHP massif, North
Kazakhstan". Journal of Asian Earth Sciences 22
(2004) 517-527.

.J.:).T‘SA Cewd a4 b Jguial 5 iaign coS 5 5l colaul
Gl - Sal g5l ailate slbSin Wso sloSle ol
@b 4t lSle sy 5l Slacgeme ) @ly )0 &5 ol
o

Al yome 5iKe LI oS 5 Ly SdS g8l o Jorndol -
dsgama (ol 35 Seile La LS syl 5l il s
2 05zge ALASL 1 (v Lo sl S
e an Jsel (sls Gos Baias (L2 [YV] Lol
dges 1) YYY Kbar o o ,50 &ses gl) Yi0) Kbar
ol (Sl 5 Bgas 51,0) Vo A Kbar o (o, 9090,5

30 Hlate oy eS) ANyl adlate GlaMS e oS 5 -
s S g 0og (g pl yo Jlaie (p i) Angy b (ol S
Lol gole sanaslaie glils SIS cpl cabolis

L s ypogil )5 Adged 10 D5 5 Jpewiel Jolbos slos -
39l ol il &> 0 Vo0V b pl s [YA] iy, 5l eoliiul
g s

e Mg Sl 8 Colsn g5 ) i adlate ol -
5o daibaie slacuign 50l LSl [¥A ¥Y] gues, &L
S 0 )18 QL - Sl pliasS 0,8

dcgorme alizne glaasly jo 09290 ol lade vy p b-
Ol 53 3550 seias b Sla IS &S 05 e alisdlo il
"0 5 Ol eSSl Slile 4 acgazs
g

9 i RS syl Jsiol oS5 AL -
s an [T a5l eoliul b oyjenST dianlSsd dolxe
mdiges buijle slaSle ;o ST A ulE g8 e a5 w0
VL B cibaie 21555500 5 (h2pmopS csyms slo
o 4 (S LeSle 535S T &Ll 98 (e el 039
oLl 4 atunly 093 35 o] a5 0,lo LSle olSuls o dlge
ol U S slaleSle [F0] el o3le e
g ool S as Jl> o Wyl Slal b i cais
Bod a e (e [F0] ot s o lusTloan S I
Kuls g5 4 aihate lacKiv o oS LulSss
5l ol @mbs) 05 o0 3, bapT 8l soSlo sl |y (5,
(25 g0 2B 1 ggdgn 0l 55 V] S o g
&=l

mo35 3iiar 5 il Sy Sl e iy [V
Oret = iy b il o f g 5 oy (5540 slo



Olnl ol G 5 (ool oy almo

[28] Johnson  M.C., Rutherford M.J,
"Experimental calibration of the aluminum-in-
hornblende geobarometer with application to Long
Valley Caldera (California) volcanic rocks"
Journal of Geology 17 (1989) 837-841.

[29] Blundy J.D.,Holland T.J. B., "Calcic
amphibole equilibria and a new amphibole-
plagioclase  geothermometer", Contributions to
Mineralogy and Petrology 104 (1990) 208-224.
[30] Wones D.R., “Significance of the assemblage
titanite + mognetitet + quartz in granitic rocks”,
74 American Mineralogist, (1989) 744-749.

[31] Coltorti M., Bonadiman C., Faccini B.,
Grégoire M., O'Reilly S.Y., Powell W,
"Amphiboles from suprasubduction and intraplate
lithospheric mantle", 99 Lithos (2007)68-84.

[32] Pietranik A., Koepke J., Puziewicz J.,
"Crystallization and resorption in plutonic
plagioclase: Implications on the evolution of
granodiorite magma (Gesiniec  granodiorite,
Strzelin  Crystalline Massif, SW Poland)", 86
Lithos (2006) 260-280.

[33] Tegner C., "Iron in plagioclase as a monitor
of the differentiation of the Skaergaard intrusion",
Contribution to Mineralogy Petrology 128 (1997)
45-51.

[34] Smith JV., "Phase equilibria of plagioclase",
In: Ribbe PH (ed) Feldspar mineralogy, 2nd edn
Mineralogical Society of America, Washington
DC, (Reviews in Mineralogy vol. 2) (1983) 223-
239.

[35] Smith J.V., Brown W.L., "Feldspar minerals.
Crystal structures, physical, chemical and
microtextural — properties”, Springer, Berlin-
Heidelberg-New York, (1988) 828p

[36] Foster M.D., '"Interpretation of the
composition of trioctahedral micas". U.S.
Geological Survey, Prof. Pap, 354 (1960) 11-49.
[37] Abdel — Rahman A. M., "Nature of biotites
from alkaline, Calc-alkaline and peraluminous
magmas", Journal of Petrology 35 (1994) 525-541.
[38] Spear J.A., "Mica in igneous rocks". In:
Micas, Bailey, S.W. (ed); Mineralogical Society of
America, Review in Mineralogy 13 (1984) 299-
356.

[39] Nachit H., "Contribution a I é tude analytique
et experimental des biotite des granitoids
Applications typologiques", These de Doctorat De
L univesité de Bretagne accidental (1986) 236p.
[40] Helmy H.M., Ahmed A.F., El Mahallawi
MM., Ali S.M., "Pressure, temperature and
oxygen fugacity conditions of calc-alkaline
granitoids, Eastern Desert of Egypt, and tectonic
implications"Journal of African Earth Sciences 38
(2004) 255-268.

[15] LeBas N.J., "The role of aluminium in igneous
clinopyroxenes with relation to their parentage",
American Journal of Science 260 (1962) 267-288.
[16] Leterrier J., Maury R. C., Thonon P., Girard
D., Marchal M., "Clinopyroxene composition as a
method of identification of the magmatic affinities
of paleo-volcanic series", Earth and Planetary
Science Letters 59 (1982) 139-154.

[17] Nosova A. A., Sazonova L. V., Narkisova V.
V., Simakin S. G., "Minor elements

in clinopyroxene from Paleozoic volcanics of the
Tagil Island Arc in the Central Urals",
Geochemistry International 40 (2002): 219-232.
[18] Anderson JL., "Status of thermobarometry in
granitic batholiths", Trans Roy SocEdinb: Earth
Science 87 (1997) 125-138.

[19] Ramsay R.R., "Geochemistry of Diamond
Indicator Minerals". PhD Thesis, University of
Western Australia, Perth, WA. 1992.

[20] Thompson R.N., "Some high-pressure
pyroxenes". Mineralogical Magazine 39(1974)
768-787.

[21] Wass, S.Y., Multiple origins of
clinopyroxenes in alkali basaltic rocks, Lithos 12
(1979) 115-132.

[22] Leake B.E., Woolley A.R., Birch W.c.,
Gilbert M.C., Grice J.D., Hawthone F.C., Kato A.,
Kisch H.J., Krivovicher V.G., Linthout K., Laird
J., Mandarino J., "Nomenclature of amphiboles:
Report of the subcommittee on amphiboles of the
International Mineralogical Association
Commission on new mineral and mineral names",
Mineralogical Magazine 61 (1997) 295-321.

[23] Spear E.S., "Metamorphic phase equilibria

and pressure — temperature — time paths"
Mineralogical Society of America, Washington,
(1993) 799.

[24] Jarrar GH, "Mineral chemistry in dioritic
hornblendite  from Wadi Araba, Southwest
Jordan", Journal of African Earth Sciences 26
(1998) 285-295.

[25] Anderson JL., Smith D.R., "The effects of
temperature and fq; on the Al-in-hornblende
barometer". Amarican Mineralogist 80 (1995)
549-559.

[26] Stein E., Dietl C., "Hornblende
thermobarometry of granitoids from the Central
Odenwald (Germany) and their implications for
the geotectonic development of the Odenwald",
Mineralogy and Petrology 72 (2001) 185-207.

[27] Schmidt M.W., "Amphibole composition in
tonalite as a function of pressure: an experimental
calibration of the Al-in hornblende barometer".
Contributions to Mineralogy and Petrology 110
(1992) 304-310.



